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A B S T R A C T
This paper reported a new humidity sensor, employing microfiber loop resonator (MLR) coated with Zinc Oxide (ZnO) as a probe. The MLR was constructed from a
silica tapered fiber with a waist diameter of 7 µm, which was prepared using flame brushing technique. The self-touching loop was coated by ZnO using sol–gel
method. A significant response to humidity changes from 35%RH to 85%RH was observed due to the changeable refractive index of the ZnO coating material which
modified the light propagation at the output of the MLR. The result shows that the sensitivity of the proposed sensor increases by a factor of 2 as compared to the
uncoated MLR. The output power of the ZnO coated MLR drops linearly from−29.3 dBm to −43 dBm when relative humidity increases from 35%RH to 85%RH. The
linearity and resolution of the ZnO coated MLR also outperformed the uncoated MLR with 99.4% and 0.013%RH respectively.
1. Introduction
Relative humidity (RH%) is a measure of amount of water vapor in
the air relative to the amount needed for full saturation of the air at a
specific temperature [1]. Relative humidity (RH) measurements are
vital to many industries such as automotive and semiconductor man-
ufacturing [2]. In addition, accurate relative humidity measurements
are essential in many fields; such as book preservation, pharmaceutical,
weather monitoring, mass food production, food preservation, medical
facilities, and mining minerals [3–5]. There are several techniques to
measure relative humidity; such as using wet dry bulb, electric capa-
citance and electronic solid state sensors [1]. These devices face several
challenges such as complex fabrication, costly materials and sensitivity
to electromagnetic waves [6]. The use of fiber-optic probe in optical
humidity sensors has gained tremendous interests due to its low cost,
immunity to electromagnetic interference and more flexibility [7].
Recently, microfiber has become desirable attraction for application
in measuring relative humidity due to its good sensitivity, affordable
cost, small size and easy fabrication [8]. There are multiple microfiber
structures used for humidity sensing such as tapered fiber, knot re-
sonator, loop resonator, u-shaped,coil resonator and microfiber cou-
plers [8–11]. Optical microfiber resonators (OMR) have been receiving
more interest in recent years due to their potential use in various ap-
plications; such as sensing and communication [12]. Whispering gallery
mode (WGM) resonance on its resonator cavity causes OMR to exhibit
smaller insertion losses. The parameter to determine the sensing cap-
abilities is the Q-factor of OMR which represent the resonance quality
[2]. OMR is sensitive to changes in its surrounding environment due to
its strong evanescent fields. The refractive index (RI) changes in re-
sponse to changes in surrounding environment causes different light
attenuation inside the microfiber [13].
Microfiber loop resonator (MLR) is a single turn microfiber coil
resonator (MCR). It is constructed by tapering an optical fiber to the
desired diameter then forming a self-touching loop maintained by static
electricity and Van der Waals forces [13]. Slowly and adiabatically
varying the tapering process could increases coupling efficiency of the
loop [14]. The evanescent mode strength makes this structure reactive
to changes in the relative humidity of the surrounding environment
[15]. Other advantages include easier fabrication, chemical stability,
simpler structure and lower insertion loss [13].
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In order to achieve larger difference in refractive index, a material
of higher refractive index (RI) is used as coating material for the pro-
posed structure [16]. Zinc oxide is semiconductor with many ad-
vantageous in term of electrical and optical properties for sensing ap-
plication. Using ZnO as a coating material for MLR increases its
sensitivity to relative humidity. When relative humidity increases, the
water molecules absorb to the ZnO surfaces which lead to increase in RI
of the coating material. This would resulting in changes of light pro-
pagation characteristics inside the MLR with varying relative humidity
[9,17]. Furthermore, ZnO is suitable for relative humidity sensing due
to large surface area, lower cost and bio safe characteristics [18].This
paper has been successfully demonstrated the ZnO coated MLR (ZnO-
MLR) structure for humidity sensing application for the first time in our
knowledge.
2. Sensing mechanism and experimental arrangement
Fig. 1 illustrates the sensing mechanism of the proposed humidity
sensor. The sensing mechanism is highly relied on the dispersion of the
evanescent mode surrounding the looped section. The evanescent wave
is very sensitive to the change in RI from the surrounding environment.
As humidity level increased, the RI of the ZnO also increased resulting
more light refraction into the coating layer. This lead to the decrease of
Fig. 1. Sensing mechanism of the proposed sensor.
Fig. 2. MLR image from microscope.
Fig. 3. Experimental setup of the proposed sensor.
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light intensity inside the MLR due to large transmission loss [9]. Hence,
the output power linearly drops as the humidity level increased which
indicate more sensitivity as compared to the uncoated MLR structure.
Firstly, silica fiber was tapered into the desired diameter of 7 µm
using flame brushing technique [19]. Then, the tapered fiber was cir-
cled into a self-touching loop with the diameter of 300 µm as shown in
Fig. 2 [15]. The synthesis process of the ZnO coating layer was then
began by using sol–gel method. This procedure involves two main
processes; the seeding process and the growing process. In the seeding
process, a 0.3292 g zinc acetate dehydrate was dissolved in 60 mL of
iso-propanol to prepare 0.025 M concentration solution. Then, the
solution was heated and stirred for two hours at 60 °C. After cooling
down, the fiber was dipped into this solution and left to dry at 50 °C.
This process was repeated for five times to guarantee adequate cov-
erage for the area needed for ZnO growth. While for growing process, it
involves 0.01 M of Zinc Nitrate Hexahydrate and 0.01 M Hexamethy-
lenetetramine dissolved in 100 mL of distilled water. The solution was
stirred for 10-15 min. Afterwards, the sample was suspended in this
solution for 15 h at 60 °C [9,20]. After the completion of the synthesis
process, Field emission Scanning electron microscopy (FESEM) was
performed to observe the morphological structure of ZnO growth on the
MLR. Energy dispersive X-ray spectroscopy (EDX) Energy dispersive X-
Fig. 4. FESEM image of ZnO on the MLR at (a) 5.00 kx magnification and (b) 10.00 kx magnification.
Fig. 5. EDX elemental analysis showing the sample consists of only zinc and oxygen.
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ray (EDX) was also conducted during FESEM in order to identify the
chemical constituents of the samples.
Tunable Laser Source (Ando AQ4321D) was used as a light source to
observe the light propagation characteristics of the proposed sensor. It
was set in the range of 1550–1560 nm to scan the propagation spectrum
of the sample. TLS is also capable to provide a range of wavelengths for
light emission in a very small step wavelength (0.001 nm increments).
This small increment is required to observe the resonance wavelengths
when the relative humidity experiment is conducted. The power output
was recorded using an Optical Power Meter (Thorlab PM 100D) and
connected to the computer to display the power spectrum as shown in
Fig. 3. The sample was placed inside a controlled chamber and the
temperature was kept constant at room temperature, 27 °C. This is
because if temperature raises at the particular %RH condition, the
amount of absorbed water molecules from the surrounding reduces due
to entropy increase of water molecules. This scenario will slightly
change the refractive index of the medium to avoid variation to the %
RH sensing [21]. Moreover, study on the temperature dependency of
the RH sensor based on silica fiber has been conducted in literature.
According to Y. Tan et al., the increment of temperature would lead to
wavelength shift. However, the temperature cross sensitivity is rather
low for silica fiber taper (~−0.048%RH/oC). This is because most
energy resides in silica fiber and the change of mode index with tem-
perature in very close rates. Thus, the thermal optic effect is self-com-
pensated and the sensor is almost insensitive to the ambient tempera-
ture which leads to the insignificant transmitted output power response
Fig. 6. WGM transmission modes of; (a) Uncoated MLR, (b) ZnO-MLR.
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change [22]. Based on the power spectrum, the resonance wavelength
value was determined, and the value was fixed during humidity sensing
experiment. In this experiment, sodium hydroxide (NaOH) was used to
increase humidity level inside the chamber from 35% to 85%. It occurs
when the water vapor from the salt solution increase, the %RH in-
creases [15]. In order to control the variations in the relative humidity,
a controlled chamber was used and the relative humidity inside the
chamber was continuously monitored using an RH meter [23]. The
experiment was repeated for 3 times to ensure the reproducibility of the
proposed sensor.
3. Results and discussion
Fig. 4 shows FESEM image of ZnO grown on the MLR at 5.00 kx and
10.00 kx magnification. ZnO can be seen growing on the MLR surface.
EDX elemental analysis revealed that the coating layers on the MLR
comprise of only zinc and oxygen as shown in Fig. 5.
Fig. 6 shows the Whispering Gallery Modes (WGM) transmission
spectrum of the ZnO-MLR and uncoated MLR. The quality factor of
ZnO-MLR was found to be lower than the uncoated MLR with
1.941 × 105 and 7.67 × 105 respectively. This result is due to in-
creasing of surface scattering losses and absorption in the coating layer
which is aligned with the theoretical prediction found in literature
[2,17].
The sensing response when humidity level increases from 35%RH to
85%RH were tested for three times to investigate the repeatability of
the proposed sensor. The results are depicted in Fig. 7. Based on Fig. 7
(b), the ZnO-MLR produces more consistent result as compare to the
uncoated MLR as shown in Fig. 7 (a). This is due to the responds to-
wards RH changes is more regular with existence of ZnO coating layer
as compared to the uncoated one [2].
The response and recovery time of the samples were obtained by
removing the samples between two controlled chambers; one with re-
lative humidity of 85%RH and the other with 35%RH. The time taken
Fig. 7. The repeatability of; (a) Uncoated MLR and (b) ZnO-MLR.
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for the output power level to reach 90% from its expected value was
recorded. By referring to Fig. 8, response time for ZnO-MLR is around
0.774 s which is faster than uncoated MLR response time of 1.66 s.
Besides that, the recovery time of the ZnO-MLR improved by 0.548 s as
compared to uncoated MLR. Thus, ZnO-MLR produces excellent re-
sponse and recovery time towards abrupt changes in relative humidity
as compared to the uncoated MLR.
The stability of both samples were examined by placing the pro-
posed sensor inside the controlled chamber at room humidity level,
65%. Then, the output power was measured continuously for 800 s on
the 1st day and 11th day. Based on Fig. 9 (a) and 9(b), ZnO-MLR exhibit
better stability and little power output variation against time at the
specified relative humidity level.
Fig. 10 shows the linear trend line of the samples. Sensitivity im-
proved by a factor of 2 for MLR-ZnO as compared to the uncoated MLR.
This is due to the power loss increase steadily due to increment of re-
fractive index of the ZnO when relative humidity increases. ZnO ab-
sorbs more light from the evanescent mode when relative humidity
increases resulting in decreased light propagation inside the ZnO-MLR
structure [24]. This makes the transmission loss steeper with increased
relative humidity [2]. The overall experimental results are tabulated in
Table 1.
4. Conclusion
We have successfully demonstrated a relative humidity sensor based
on ZnO coated MLR. The ZnO coating was done by using sol–gel
synthesis method. The proposed structure has improved the sensing
performance of the MLR as a humidity sensor while reducing the
complexity of the fabrication process. The sensitivity and resolution
improved by a factor of 2 and 69 respectively for the proposed sensor as
compared to the uncoated MLR. The response and recovery time also
faster in MLR-ZnO structure as compared to the uncoated MLR.
Henceforth, this simple relative humidity sensor provides a good al-
ternative for the conventional relative humidity sensors used in many
industries.
Fig. 8. The response and recovery times of the; (a) Uncoated MLR and (b) ZnO-MLR.
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Fig. 9. Stability of the uncoated MLR and the ZnO-MLR samples on; (a) the 1st day and (b) the 11th day.
Fig. 10. The response of uncoated MLR and ZnO-MLR samples towards relative humidity from 35%RH to 85%RH.
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